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Abstract  
As resource scarcity and environmental degradation has aroused global concern, new energy vehicles have become 
the developing trend of automobile industry all over the world. However, there is lack of incentive for innovations on 
more environmentally friendly automobile technology. This paper introduces endogenous and directed technology 
progress into the growth model to analyze the decision-making on R&D of environmental technology and concludes 
that automobile enterprises are less willing to engage in the energy -saving technological innovation as traditional 
fossil-fuel-based automobile technology is relatively mature. Therefore, it is necessary for the government  to 
formulate some temporary supportive policies at the initial stage of the development of new energy automobile 
industry in China, to stimulate the initiative of vehicle manufacturers to innovate on environmental automobiles. 
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1. Introduction 
With the rapid  growth of global economy, the issues on resources and the environment, which  become 
the key bottlenecks of sustainable economic development, have aroused common concern. How to ease 
the conflicts between economic growth and high energy consumption as well as environmental 
deterioration is a challenge for the whole world. Transportation is a large fossil fuel consumer and also a 
major source of greenhouse gas emission, air pollution and global warming.Vehicle industry faces 
increasing pressure from energy saving and environmental protection. At present, petrol and diesel 
consumption by vehicles in  China has accounted for approximately 86% of gasoline output and 24%of 
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diesel output respectively. Automobile gas emission has taken up over 70% of urban gas pollution. 
Therefore, R&D of environmentally friendly vehicles will be the mainstream in the future.  
How to promote the R&D activit ies in environmental automobiles has aroused common attention. 
Domestic studies such as Xu Bo et  al.(2007),Xiao Yin  (2008), Xing Hongjin et al. (2009)mostly focus on 
the necessity, urgency and means of developing new energy automobile industry from macro perspective. 
However, theoretical analysis on the incentives for R&D of clean technology has been neglected and 
previous studies seldom involve the decision-making of firms on environmental innovations from micro 
perspective. Foreign scholars like David A. & Glemm M. M. (1998), Geroski P. A. (2000) set up some 
theoretical models to analyze technology diffusion. Acemoglu  (1998, 2002, 2009) exp lored the influential 
factors over the direction of technology change and concluded that market size effects and price effects 
encouraged more innovations happen in the sector with greater employment  and higher prices 
respectively. This paper draws on Acemoglu’s analytical framework by introducing endogenous  and 
directed technology progress into the growth model to explore the incentives for R&D of new energy 
automobiles in  response to resource constraint and environmental pressure  and then proposes some 
suggestions for the development of  new energy automobile industry in China.  
The remainder of the paper is organized as fo llows :Section 2 introduces the basic settings of the model. 
Section 3 characterizes the decision-making on environmental innovations. Section 4 summarizes  the 
implications for the development of new energy auto industry in China. 
2. Basic Settings of the Model 
Suppose there is a unique final good and the aggregate production function takes the form of constant 
elasticity of substitution (CES), using two intermediate inputs 
ctY and dtY in the form of 
1
11
)( 
  H
H
H
H
H
H JJ dtdtctctt YYY ,wher H is the elasticity of substitution between the two inputs and ),1( fH as 
the two inputs are substitutes in the production. ctY and dtY represent “clean” and “dirty” inputs 
respectively and the differentiation is based on the degree of pollution and energy consumption in the 
production process and by the use of the intermediate inputs. Environmentally friendly automobiles  rely 
more on clean  inputs whereas traditional gasoline-based vehicles make more use of dirty inputs. dtct JJ , >0,  
denotes the importance weights of two inputs in the aggregate output and satisfies 1  dtct JJ .Both the two 
inputs are produced competitively by labors and a continuum of sector-specific machines according to the 
production functions: dvxALY
cvt
ctctct
DDD ³ 1011 , dvxALY dvtdtdtdt
DDD ³ 1011 ,where )1,0(D , cA and dA represent the 
aggregate productivity in  clean  and dirty  sectors respectively to reveal the average quality of machines 
used in the sector. 
cvtx
ǃ
dvtx
corresponds to the quantities of machine of type v used in clean and dirty 
sectors and the types of machines v in two sectors range from 0 to 1 continuously. Labor market clears 
when the total labor demand in both sectors doesn ’t exceed the total labor supply, which has been 
normalized  to be 1, that is 1d dtct LL .Assume that all the machines used in both sectors are supplied 
competitively by monopolistic firms. No  matter how the quality of machines is and which sector the 
machines are utilized in, producing one unit of any machine should cost \  units of final goods. 
Researchers can direct their efforts to either clean or dirty technology freely and devote themselves to 
the improvement of the quality of machines used in the sector with the probability of success 
cE or dE respectively, where innovation improves the quality of machine by1+ O times, that is from jvtA to 
1)1(  jvtAO , j { dc, }. The successful researcher, who has invented a higher-quality machine, owns the 
complete patent of the innovation and enjoys the monopolistic profits. We normalize the total number of 
researchers to 1 and 
cts
ǃ
dts  represents the number of researchers undertaking R&D of clean or dirty  
technology respectively. Therefore, market clearing for researchers satisfies 1d dtct ss .  
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3. Decision-making on Environmental Innovation 
In this section we explore how researchers are allocated to conduct R&D act ivities in clean and dirty 
sectors based on the above settings. Firstly, intermediate input manufacturers in two  sectors choose the 
quantity of type v machine 
jvtx
and labor
jtL  to maximize profits: dvxpwLdvxALp jvtjvtjtjvtjtjtjt ³³  3  101011 DDD , 
jtp ǃ jvtp  denotes the price of input j and price of machine of type v in either sector. The first -order 
condition with respect to the quantity of machine jvtx  gives the equilib rium demand for machine o f type v  
in sector j as 
jtjt
jt
jvt
jvt ALp
p
x DD
 1
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)(  .The equilibrium demand for machine of type v in sector j increases with 
the growth of the price of input jtp , labor employment jtL  and the aggregate quality of machines in the 
sector
jtA , while it  is decreasing in the price of the machine jvtp .The monopolistic producer of machine of 
type v in sector j maximizes the profits jvtjvtjvtjvt xxp \S  subject to the demand for machines. In order to 
maximize the profits, the price of machine is a constant markup over marginal cost
D
\ jvtp . Then the 
equilibrium demand for machines  and the equilibrium profit for the monopolistic producer of machines 
can be given as 
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As researchers can choose to engage in R&D in  clean or d irty sectors, the relative p rofitability of 
research will determine the direction of technology progress. If a researcher succeeds in developing a 
more productive machine, he can earn monopolistic profits. Therefore, the expected profit for a researcher 
taking part in R&D in sector j can be obtained as
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expected profit from undertaking R&D in clean sector to that in dirty sector 
is
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.Obviously it is more profitable for researchers to engage in R&D in dirty 
sector when the rat io is smaller than 1, while researchers are more willing to direct their research towards 
clean technology when the ratio is larger than 1, whereas researchers will be allocated between two 
sectors when the ratio is equal to 1and 1  dtct ss .The incentives for researchers to undertake R&D in  
clean sector are further determined by three factors including  the price ratio of two inputs, the ratio of 
employment as well as the ratio  of p roductivity in two sectors. The three factors encourage researchers to 
innovate in the sector with higher input price, greater labor employment and higher productivity.  
Then we further explore the internal relations among the factors. As the input manufacturer maximize 
the profit, combin ing the first-order condition with respect to labor jtL  with the equilibrium demand for 
machine, we can obtain the price ratio of two inputs as )1()( D 
dt
ct
dt
ct
A
A
p
p  , which shows the price ratio has 
negative relation with the ratio of productivity in both sectors. The effects of relative price ratio on 
innovations mean researchers are more willing to devote themselves to R&D in relatively backward 
sector.As the final good is produced competitively by two inputs, the price ratio of two inputs is equal to 
the ratio of marg inal output, satisfying H
J
J 1)(   
dt
ct
dt
ct
d
c
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Y
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MP
MP
p
p , which implies that the price ratio of clean 
input to dirty input decreases with the increase of relative supply of clean inputs and is increasing in the 
weights of clean inputs in final output.The equilib rium production equation
jtjtjtjt ALpY D
D
D
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the price rat io gives the labor rat io as  HHD
J
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ct
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L  , which shows more labors are employed in  the 
sector with higher productivity and the labor ratio increases with the ratio of importance weights of two 
inputs. The effects of labor rat io encourage researchers to innovate in the sector with more advanced 
technology and higher importance weights. 
We further exp lore the evolution of productivities in the two sectors. As described in the setting, the 
evolution of the average productivity in two  sectors can be shown as 
111 )1()1()1(    jtjtjjtjjtjtjjtjt AsAsAsA OEEOE .Then we can obtain the ratio of expected profits from 
undertaking research in clean sector to dirty sector as
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.As we assume the strong elasticity of substitution between two 
inputs ( 1!H ), R&D activit ies tend to be directed to the sector with higher productivity and higher 
importance weights, which means the effects of productivity ratio and employment rat io have  offset the 
negative effects of the relative price. Considering the process of technology accumulation, we assume that 
initially the clean sector is considerably backward compared with the dirty sector (using fossil fuel),  all 
the researchers direct their efforts to the innovations in dirty sector, that is 1
0
 dts , 00  cts and 1
0
0 
dt
ct
R
R . In 
compliance with the evolution equation of p roductivity, we obtain
00
)1(1 dtddt AA OE  , 00 1 ctct AA   , which  
means the productivity in dirty sector will be improved with the success of technological innovation while 
clean technology remains the same, enlarging the gap between clean and dirty technologies. It results in 
the further reduction in the relative expected profits of clean technological innovation, which encourages 
researchers to continue undertaking R&D in  dirty sector and makes the clean technology remains constant. 
In order to stimulate the incentives for innovations on clean technology, proper supportive policy and 
government intervention is necessary. Suppose the government provides research subsidy at the rate 
tN (or 
impose taxes on dirty sector) to promote the R&D of environmental technology, the expected benefits 
from innovations on clean technology will be increased to
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expected profits from undertaking research in dirty sector remain constant. The ratio of expected profits 
from R&D in clean sector to dirty sector turns to be 1)1)(1()
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long as the research subsidy provided by the government is sufficiently high, researchers will redirect 
their efforts to the innovations on clean technology. The subsidy rate tN must satisfy 
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Thus the subsidy is high enough to encourage all the researchers to undertake R&D in clean sector to 
improve the productivity in the clean sector
cA  with the dirty technology unchanged. It will be more 
profitable for researchers to engage in R&D in clean sector even without the research subsidy when the 
ratio becomes sufficiently h igh. Moreover, the government needs to provide temporary subsidy for T 
periods as long as the ratio of productivities in two sectors satisfies  
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4. The Implications for the Development of New Energy Automobile Industry in China 
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In the context of soaring price of fossil fuel, the environmental revolution in auto industry is of urgency. 
During the “Eleventh Five-year “period, the Ministry of Science and Technology has added the new field 
of modern transport technology to the “863 Program”  and classified new energy vehicles as major 
projects. However, environmental vehicles  such as hybrid and electric cars have only  taken up  a s mall 
percentage of the total sales  in China compared with the USA and European countries, which implies that 
most domestic auto manufacturers  are still doubtful about the development of new energy vehicles. 
 At present,energy-saving automobile technology is not mature compared with the relat ively advanced 
traditional auto technology. New energy vehicles are not competitive enough in terms of the safety, 
price,duration of alternative energy and continuous driving distance, which leads to small market size. 
Consequently, most auto manufacturers in China are lack of incentives for innovations on energy-saving 
automobiles, which  verifies the main conclusions of the model. It causes some auto companies to re ly  on 
the imported key parts such as battery and motor systems and give up independent R&D. In order to 
promote the popularity and development of clean vehicles, the government needs to provide temporary 
supportive policy at the init ial stage, encouraging more auto manufacturers to devote themselves to the 
innovations on new energy automobiles, further reducing the costs and expanding the market size.  
During the low-carbon development of auto industry, we should promote the transformation of 
production technology and processes of traditional engines to further improve the efficiency of energy 
saving, makes use of recyclable materials  like the substitution of aluminum for steel p lates . Meanwhile, 
the government needs to urge the auto companies to stress on the R&D of environmental technology. 
With the enhancement of the importance of clean inputs in the total output )( cJ , the enthusiasm of auto 
producers to undertake research in energy-saving technology will be greatly  stimulated. Most importantly, 
it is necessary for the government to grant some subsidies (or alternative supportive policies) for 
innovations in new energy vehicles  especially at  the beginning, as the research subsidies can increase the 
relative expected profits from environmental innovation. Otherwise, the technological gap between 
relatively mature  technology on traditional automobile and that on environmental vehicles may  be fu rther 
widened, dampening the enthusiasm of auto producers. Furthermore , the future development of new 
energy vehicles does not depend on the long-lasting supportive policy. With the subsidizat ion at the init ial 
stage, great progress will be made in  clean technology, making new energy automobiles more 
advantageous than traditional ones. With the improvement of supporting infrastructure and facilities for 
new energy vehicles and the acceptance of environmental automobiles by consumers, clean vehicles will 
occupy more and more market share. After the gradual industrialization of environmental vehicles, the 
government no longer needs to provide subsidies or take other supportive measures. Undoubtedly R&D 
of energy-saving automobiles becomes the mainstream and direction of auto industry. 
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